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I, C. Russell Middaugh, declare that: 

1. I am a U.S. citizen residing at 849 East 1000 Rd., Lawrence, KS. 

2. I currently am the Aya and Takeru Higuchi Distinguished Professor of Pharmaceutical 
Chemistry at the University of Kansas School of Pharmacy, where I have worked since 1997. I 
am also the Associate Editor for Journal of Pharmaceutical Sciences and on the Editorial Board 
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for Journal of Biological Chemistry. Prior to taking this position, I was a Senior Scientist and 
Director at Merck & Co. A copy of my curriculum vitae is attached. 

3. I have over 25 years of research experience in the areas of protein folding, stability and 
aggregation. In particular, over 100 of my more than 150 pubHshed papers are in this area. I 
also worked for many years as the Director of Protein Formulation for Merck & Co., where I 
worked on a regular basis on related protein folding problems. 

4. I have reviewed the Office Action for the above-captioned application dated July 21, 
2001, as well as the Zong et al (1995) reference cited therein. I have also reviewed the pending 
claims for the present invention, as well as the specification therein. After review these 
materials, it is my conclusion that Zong et al (1995) does not teach the use of aggregates in a 
high pressure refolding process as is claimed in the present application. 

5. In my expert opinion, the paper of Zong et al (1995) in no way teaches how to refold 
aggregating proteins by employing high pressure conditions. In fact, it is quite clear form the 
text of the paper that aggregated forms of the protein are removed prior to the refolding steps. 
This is clearly stated on page 12421, col. 1. Furthermore, the material employed by Zong et al 
(1995) in their actual refolding experiments does not appear to be aggregated based on the 
spectral properties of the starting material. Circular dichroism, fluorescence and absorption 
spectroscopy all manifest certain distinctive spectral artifacts (e.g., absorption flattening, 
differential light scattering, etc.) in the presence of aggregated protein that are quite recognizable 
and are not present in the data of Figures 5, 6 and 7. In contrast, the claims of the present 
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application are very clear in being drawn to the use of protein aggregates, and subsequent 
refolding under high pressure to eliminate aggregation, 

6- In light of these observations, I v^ould disagree with the exaininer's conclusion that Zong 



7, I hereby declare that all statements made herein of my knowledge are true, and that all 
statements made on information and belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the referenced patent 
application or any patent issued thereon. 



et al (1995) teaches the use of protein aggregates. 



Date 
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I. 




Personal 



CURRICULUM VITAE 



A. Name: 



B. Home Address/Phone: 



C. Work Address/Phone: 



Charles Russell Middaugh, Ph.D, 

849 E. 1000 Rd. 
Lawrence, KS 66047 
Telephone: (785)840-0320 

Pharmaceutical Chemistry Dept. 
The University of Kansas 
2095 Constant Ave. 
Lawrence, KS 66047 
Telephone: (785)864-5813 

Fax: (785)864-5814 
E-Mail: middaugh@ku.edu 



II. Education 



School 

University of California 
Santa Cruz 



Date 



Major 



1973 Chemistry & Biology 



Degree 



B.S. 



Cornell University 
III. Employment History 



1978 Biochemistry 



Ph.D. 



Dates 



Position 



Location 



1997-Present Aya and Takeru Higuchi University of Kansas, Department of 

Distinguished Professor of Pharmaceutical Chemistry 
Pharmaceutical Chemistry 



1989-1997 



Senior Scientist, 
Merck & Co. 



Pharmaceutical Research, 
Merck Vaccine Division, and 
Department of Human Genetics 



Responsibilities included basic structure/function studies of proteins and small 
molecules, formulation design for peptides, proteins and vaccines, and the 
development of delivery systems for gene therapy. 
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# 



1986 - 1987 



Visiting Scientist 



Massachusetts Institute of 
Technology 



1984 - 1989 



Associate Professor 



University of Wyoming 



1979 " 1984 



Assistant Professor 



University of Wyoming 



1977 - 1978 



NIH Postdoctoral Fellow University of Minnesota 



1998 



Kenneth E. Avis 
Distinguished Visiting 
Professor 



University of Tennessee 



V. Representative Examples of Recent Academic and Professional 
Activities 

Regular Member: NIH Physiological Chemistry Study Section 1987-1991 NIH 
Reviewers Reserve (NRR) 1991-1995. 

Keynote Speaker, Third Internat*l. Conference on Biotechnology, Seoul, Korea, 



Merck Centennial Lecturer, Univ. of Kansas, 1991. 
Merck Centennial Lecturer, Purdue Univ., 1991. 

Co-Chairman, Session on Stability, Formulation and Quality Control, and Invited 
Speaker in the Protein Folding Session, Ninth Internat'l. Biotechnology 
Symposium and Exhibition, 1992. 

Invited Speaker, MIT Biotechnology Process Engineering. Center Workshop on 
"Proteins as Pharmaceuticals: Structure, Function and Stability", 1992. 

Invited Speaker, Gordon Conference on Drug Carriers in Biology and Medicine, 



Keynote Speaker, Protein Formulation and Delivery, 205th ACS Nat'l. Meeting, 



Invited Speaker, Protein Stability Conference, Breckenridge, CO, 1994. 

Section Editor (Biologicals and Immunologicals): Expert Opinion on 
Investigational Drugs, 1993-Present. 

Associate Editor (Biotechnology), Journal of Pharmaceutical Sciences, January 1, 
1994-Present. 



1990. 



1992. 



1993. 
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Editorial Board (Journal of Biological Chemistry), January i, 1998-. 

Keynote Speaker, Cell Bioengineering Conference, San Diego, CA, 1994- 

Organizer with R. Langer and J. Cleland, 1995 and 1997, Formulation and Drug 
Delivery Conference, Boston. 

NIGMS Biomedical Research and Research Training Review Committee, 1996- 
1999. 

AAPS Roche Biotechnology Award, 1999 

VI. Teaching Experience 

Classes taught in the following areas: 

General Biochemistry (all levels) 

Physiological Chemistry 

General Chemistry 

General Biology 

Physical Chemistry 

Physical Biochemistry 

Clinical Chemistry 

Biotechnology 

Immunology 

Science in 20th Century Literature 

Political, Societal and Biological Aspects of Cancer 

Membrane Biology 

Protein Folding 

Vaccines 

Gene Therapy 

VII. Publications (Abstracts and Patents Not Included) 

(1976) Middaugh, C.R. and MacElroy, R.D. The Effect of Temperature on Ribose- 
5-phosphate Isomerase from a Mesophile, Thiobacillus thioporus, and a 
Thermophile, Bacillus caldolyticus. J. Biochem., 29, 1331-1344- 

(1976) Middaugh, C.R. and MacElroy, R.D. Kinetic Behavior of a Thermophylic 
Enzyme in Response to Temperature Perturbations: In Extreme Environments: 
Mechanisms of Microbial Adaptation. Ed. by M. Heinrich, pp. 201-212, Academic 
Press. 

(1977) Singleton, Jr., R., Middaugh, C.R. and MacElroy, R.D. Comparison of 
Proteins from Thermophilic and Nonthermophilic Sources in Terms of Structural 
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Parameters Inferred from Amino Acid Coomposition. Int. J. Pept. Protein Res., lo , 
39-50. 

(1977) Hurvitz, A.L, MacEwen, E.G., Middaugh, C.R. and Litman, G.W. 
Monoclonal Cryoglobulinemia With Macroglobulinemia In a Dog. J. Am. Vet. 
Med. Assoc., 170 , 511-513. 

(1977) Middaugh, C.R., Thomas, Jr., G.J. Prescott, B., Aberlin, M.E. and Litman, 
G.W. Investigations of the Molecular Basis for the Temperature-Dependent 
Insolubility of Cryoglobulins. II. Spectroscopic Studies of the IgM Monoclonal 
Cryoglobulin McE. Biochemistry 16, 2986-2994. 

(1977) Middaugh, C.R., Oshman, R.G. and Litman, G.W. Localization of a 
Conformational Anomaly to the Fab Region of a Monoclonal IgM Cryoglobulin. 1. 
Conformational Studies of the IgM Monoclonal Cryoglobulins McE. Clin. Exp. 
Immunol. 31, 126-130. 

(1977) Middaugh, C.R. and Litman, G.W. Effects on Solutes on the Cold-Induced 
Insolubility of Monoclonal Cryoimmunoglobulins. J. Biol. Chem. 252, 8002-8006. 

(1977) Middaugh, C.R. and Litman, G.W. Effect of D2O on the Temperature- 
Dependent Solubiliity of Cryoglobulin IgM. FEBS Lett. 29, 200-202. 

(1977) Wang, A.C., Mathur, S., Pandey, J., Seigal, F.B., Middaugh, C.R. and 
Litman, G.W. Hv(i) A Variable-Region Genetic Marker of Human 
Immunoglobulin Heavy Chain. Science 200, 327-329. 

(1978) Middaugh, C.R. and Litman, G.W. Quenching by Acrylamide of the 
Intrinsic Fluorescence of Cryoglobulin and Noncryoglobulin IgM Proteins. 
Biochem. Biophys. Acta 535, 33-43. 

(1978) Middaugh, C.R., Kehoe, J.M., Prystowsky, M.B., Gerber-Jenson, B., Jenson, 
J.C. and Litman, G.W. Molecular Basis for the Temperature-Dependent 
Insolubility of Cryoglobulins. III. Structural Studies of the IgM Monoclonal 
Cryoglobulin MCE. Immunochem. 15, 171-187. 

(1978) Middaugh, C.R., Gerber-Jenson, B., Hurvitz, A., Paluszek, A., Scheffel, C. 
and Litman, G.W. Physiochemical Characterization of Six Monoclonal 
Cryoimmunoglobulins: A Possible Basis for Cold-Dependent Insolubility. Proc. 
Nat'l. Acad. Sci. USA 25, 3440-3444. 

(1979) Schneider, A.S., Middaugh, C.R. and Oldewurtel, M.D. Role of Bound 
Water in Biological Membrane Structure: Fluorescence and Infrared Studies. J. 
Supramolecular Struct. 10, 265-275. 
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(1979) Middaugh, C.R., Gerber-Jenson, B., and Litman, G.W. Effect of Chemical 
Modification on the Cold-Induced Insolubilization of Monoclonal 
Cryoimmunoglobulins. J. Clin. Lab Immunol, i, 141-145. 

(1979) Middaugh, C.R., Tisel, W., Haire, R. and Rosenberg, A. Determination of 
the Thermodynamic Activities of Saturated Protein Solutions. J. Biol. Chem. 254, 
367-370. 

(1979) Thomas, G.J., Prescott, B., Middaugh, C.R. and Litman, G.W. Raman 
Spectra and Conformational Structures of Fab|Li and (Fc)5^ Fragments of 

Cryoglobulin IgM-McE. Biochem Biophys. Acta 577 , 285-290. 

(1979) Schneider, A.S., Middaugh, C.R. and Oldewurtel, M.D. Role of Bound 
Water in Biological Membrane Structure: Fluorescence and Infrared Studies. In 
Normal and Abnormal Red Cell Membranes. Lux, S. and Marchesi, V.T., eds., Alan 
R. Liss Publishers, New York, pp. 425-435. 

(1980) Litman, G.W., Gerber-Jenson, B., Litman, R.T., Middaugh, C.R. and 
Scheffel, C. Molecular Basis for the Cold-Dependent tnsolubiliity of 
Cryoimmunoglobulins. IX. Physio-Chemical Characterization of an IgG- 
Monoclonal Cryoglobulin Exhibiting Reduced Low Temperature Insolubility. Mol. 
Immunol. 17, 337-344- 

(1980) Ji, T.H., Kiehm, D.J. and Middaugh, C.R. Presence of Spectrin Tetramer on 
the Erythrocyte Membrane. J. Biol. Chem. 255, 2990-2993. 

(1980) Tisel, W.A., Haire, R.N., White, J.G., Rosenberg, A. and Middaugh, C.R. 
Linkage of Ligand Binding and Solubility: Hemoglobins in Aqueous Polyethylene 
Glycol as a Model for Hemoglobin S. J. Biol. Chem. 255, 8975-8978. 

(1980) Middaugh, C.R., Kiehm, D.J. and Ji, T.H. Subuunit Structure of Membrane 
Associated Spectrin: A Photochemical Crosslinking Study. Eur. J. Biochem. 110 . 
587-592. 

(1980) Middaugh, C.R., Lawson, E.Q., Litman, G.W., Tisel, W.A., Wood, D.A. and 
Rosenberg, A. Thermodynamic Basis for the Abnormal Solubility of Monoclonal 
Cryoimmunoglobulins. J. Biol. Chem. 255, 6532-6534. 

(1980) Middaugh, C.R. and Lawson, E.Q. Analysis of Protein Association by 
Partitioning in Aqueous Two-Phase Polymer Systems. Anal. Biochem. 105, 364- 
368. 

(1980) Ji, T.H. and Middaugh, C.R. Does Random CoUisional Crosslinking Occur? 
Biochem. Biophys. Acta 603, 371-374. 

(1981) Middaugh, C.R. Introduction to Comparative Biochemistry. A 
Correspondence Course. University of Wyoming. 
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(1981) Lawson, E.Q., Schubert, C.F., Lewis, R.V. and Middaugh, C.R. The 
SolubiUty of Bovine Lens Crystalhns. J. Biol. Chem. 256, 6525. 

(1981) Litman, G.W., Scheffel, C, Gerber-Jenson, B., Litman, R. and Middaugh, 
C.R. Molecular Basis for the Temperature-Dependent Insolubility of 
Cryoglobulins. X. Anomalous Mobility of Monoclonal Cryoimmunoglobulin Heavy 
Chains Accompanying Polyacrylamide Gel Electrophoresis on Sodium Dodecyl 
Sulfate. Immunol. Comm. 10, 707-718. 

(1983) MacElroy, R.D. and Middaugh, C.R. Bacterial Ribose-5-Phosphate 
Isomerases. Methods in Enzymology 89, 571-578. 

(1983) Middaugh, C.R., Vanin, E.F. and Ji, T.H. Chemical Crosslinking of Cell 
Membranes, Cell. Mol. Biochem. 50, 115-141. 

(1983) Lawson, E.Q., Hedlund, B.E., Ericson, M.E., Mood, D.A., Litman, G.W. and 
Middaugh, C.R. Effect of Carbohydrate on Protein Solubility. Arch. Biochem. 
Biophys. 220, 572-575' 

(1984) Lawson, E.Q., Sadler, A.J. Harmatz, D., Brandau, D.T., Micanovic, R., 
MacElroy, R.D. and Middaugh, C.R. A Simple Experimental Model for 
Hydrophobic Interactions in Proteins. J. Biol. Chem. 259, 2910-2912. 

(1984) Sadler, A. J., Horsch, J.G., Lawson, E.Q., Harmatz, D., Brandau, D.T. and 
Middaugh, C.R. Near Infrared Photoacoustic Spectroscopy of Proteins. Anal. 
Biochem. 138, 44-51. 

(1984) Sadler, A.J., Micanovic, R., Katzenstein, G.E., Lewis, R.V. and Middaugh, 
C.R. Protein Conformation and Reverse-Phase HPLC. J. Chromatog. 317, 93-101. 

(1985) Dihel, L.E., Smith-Sonneborn, J. and Middaugh, C.R. Effects of a Low 
Frequency Electromagnetic Field on the Cell Division Rate and Plasma Membrane 
of Paramecium Tetrarelia. Bioelectromagnetics 6, 61-71. 

(1985) Middaugh, C.R., Brandau, D.T., Micanovic, R. and Katzenstein, G.E. 
Entropic DNA. Medical Hypothesis rz, 387-398. 

(1985) Harmatz, D., Ji, T.H. and Middaugh, C.R. Aggregation State of the 
Gonadotropin Receptor. Biochem. Biophys. Res. Comm. 127 , 687-692. 

(1986) Katzenstein, G.E., Wechsler, R., Vrona, S., Lewis, R.V. and Middaugh, C.R. 
The Role of Conformational Changes in the Elution of Proteins from RP-HPLC 
Mattrices. Proc. Natl. Acad. Sci. USA 83, 4268-4272. 
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(1986) Nishimura, R., Shin, J., Ji, L, Middaugh, C.R., Kruggel, W., Lewis, R.V. and 
Ji, T.H. A Single Amino Acid Substitution in the Ectopic Alpha Subunit of a 
Human Carcinoma Choriogonatropin. J. Biol. Chem. 262 , 10475-10477. 

(1986) Brandau, D.T., Trautman, P.A. Steadman, B.L., Lawson, E.Q. and 
Middaugh, C.R. The Temperature-Dependent Stoichiometry of Mixed 
Cryoimmunoglobulins. J. Biol. Chem. 261 , 16385-16391. 

(1986) Brandau, D.T., Litman, G.W. and Middaugh, C.R. The Role of Interchain 
Disulfides in the Interaction Between Cryoglobulins. Immunol. Invest. 15, 447- 
462. 

(1987) Middaugh, C.R. and Litman, G.W. Abnormal Glycosylation of a 
Cryoimmunoglobulin. J. Biol. Chem. 262, 3671-3673. 

(1987) Brandau, D.T., Lawson, E.Q., Trautman, P.A. and Middaugh, C.R. 
Thermodynamics of Monoclonal and Mixed Cryoimmunoglobulin Solubilization, 
Immunol. Invest. 16, 21-32. 

(1987) Lawson, E.Q., Brandau, D.T., Trautman, P.A., Aziz, S.E. and Middaugh, 
C.R. Kinetics of the Precipitation of Cryoimmunoglobulins. Molec. Immunol. 24, 

897-905- 

(1987) Liddle, W.K., Middaugh, C.R. and Tu, A.T. A Cialorimetric Examination of 
the Effect of Myotoxin a on the Thermotropic Phase Behavior of Model 
Membranes. Chem. Phys. Lipids, 45, 93-101. 

(1988) Lawson, E.Q., Brandau, D.T., Trautman, P. and Middaugh, C.R. 
Electrostatic Properties of Cryoimmunoglobulins. J. Immuunol. 140 , 1218-1222. 

(1989) Aird, S.D., Middaugh, C.R. and Kaiser, LI. Spectroscopic Characterization 
of a Presynaptic Neurotoxin from the Venom of the Australian Eastern Brown 
Snake (Pseudonaja t. textilis). Biochim. Biophys. Acta qq7 , 219-223. 

(1989) Steadman, B.L., Lawson, E.Q., Raymond, M.J. Trautman, P.A. and 
Middaugh, C.R. A Differential Scanning Calorimetric Study of the Bovine Lens 
Crystallins. Biochemistry 28, 9653-9658. 

(1989) Aird, S.D., Steadman, B.L., Middaugh, C.R. and Kaiser, I.I. Comparative 
Spectroscopic Studies of Four Crotoxin Homologs and Their Subunits. Biochim. 
Biophys. Acta Q97, 211-218. 

(1989) Mach, H., Trautman, P.A., Thomson, J.A. and Middaugh, C.R. Quantitative 
Analysis of Protein Mixtures by Second Derivative Spectroscopy. Anal. Biochem. 
181, 79-85- 
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Secondary Structure Characteristics of Proenkephalin Peptides E, B and F. 
Neurochem. Res. 15, 393-399. 
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Inhibition of a-Crystalhn Aggregation by y-Crystallin. J. BioL Chem. 265, 4844- 
4848. 

(1990) Dong, Z., Xu, M,, Middaugh, C.R. and Lewis, R.V. Spider Silk Proteins. 
Polym. Prepr. Am. Chem. Soc. (Div. Polym. Chem.) 31, 197-198. 
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Annual Wisconsin Update Conference . "A Critical Evaluation of Future Drug 
Forms." Carstensen, J.T. and Weinswig, M.H. (eds.). University of Wisconsin, 18- 
30. 

(1990) Middaugh, C.R. ""Biophysical Approaches to the Pharmaceutical 
Development of Proteins." Drug Dev. Indust. Pharm., 16, 2635-2654. 

(1990) Middaugh, C.R. "The Molecular Engineering of Protein Pharmaceuticals." 
Proceedings of the 3rd Internatl. Conference on Biotechnology, pp. 1-8. 
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Molec. Immunol., 28, 1019-1026. 
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Phenylalanine Microenvironments in Proteins by Second Derivative Absorption 
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(1991) Dong, Z., Lewis, R.V. and Middaugh, C.R., "Molecular Basis of Spider Silk 
Elasticity." Arch. Biochem. Biophvs., 284 , 53-57. 
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(1991) Mach, H., Middaugh, C.R. and Lewis, R.V. "Detection of Proteins and 
Phenol in DNA Samples with Second Derivative Absorption Spectroscopy." Anal. 
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J.A. and Middaugh, C.R. "Stabilization of the FK506 Binding Protein by Ligand 
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(1991) Matsuno, K., Lewis, R.V. and Middaugh, C.R. "The Interaction of Gamma- 
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Lewis, R.V. and Middaugh, C.R. "The Effects of Surface Adsorption on the Thermal 
Stability of Proteins." Biotech, Bioeng., 40 . 

(1992) Volkin, D.B. and Middaugh, C.R. "The Effect of Temperature on Protein 
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